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1. Introduction

It is difficult for operators to recognize the necessity
of a feed-and-bleed (F&B) operation when the loss of
coolant accident and failure of secondary side occur. An
F&B operation directly cools down the reactor coolant
system (RCS) using the primary cooling system when
residual heat removal by the secondary cooling system
is not available. The plant is not always necessary the
F&B operation when the secondary side is failed. It is
not necessary to initiate an F&B operation in the case of
a medium or large break because these cases correspond
to low RCS pressure sequences when the secondary side
is failed. If the break size is too small to sufficiently
decrease the RCS pressure, the F&B operation is
necessary. Therefore, in the case of a combined accident
including a secondary cooling system failure, the
provision of clear information will play a critical role in
the operators’ decision to initiate an F&B operation
[1102].

This study focuses on the how we establish the
operation strategy for combined accident including the
failure of secondary side in consideration of plant and
operating conditions.

2. Reviews on the operation strategy in emergency
operating procedure and previous studies

A total loss of feedwater (TLOFW) accident is used
to represent an accident involving the failure of cooling
by the secondary cooling system. In a very short period
of time, the turbine and the reactor trip either directly
due to turbo-pump trip or indirectly due to a low
narrow-range level in steam generator. Once the reactor
has been tripped, the operators start following the EOP-

00 “Standard Post Trip Action” in the case of OPR1000.

The operators perform a preliminary diagnosis of the
events which has resulted in a reactor trip using the
EOP-01 “Diagnostic Actions”. After the diagnosis of
event, the operators follow the EOP-05 “Loss of All
Feedwater” of which main steps are: Stoppage of all
reactor coolant pumps (RCPs), securing the water
inventory of steam generators, and checking the criteria
for F&B operation. When at least one pressurizer safety
valve (PSV) has opened after steam generator dryout,
the procedure instructs that operators implement “RCS
and Core Heat Removal success path” [3][4][5].

Once the wide-range level of two steam generators
becomes less than 2%, all SDS valves are opened and
HPSI pumps are activated. After this point, operators
need to monitor the main parameters of the plant such as
primary pressure and core outlet temperature. After a
period of time, the plant will be cooled down and the
final steps of the procedure aim to properly stop the
HPSI pumps and to close SDS valves once the plant has
been recovered. Finally, the operators initiate shut down
cooling system operation [4][5].

Previous studies have focused on accidents involving
a TLOFW to demonstrate the use of an F&B operation
[61[71[81[9]. Reventos et al. characterized the procedure
for an F&B operation in a TLOFW accident and
provided plant behavior analysis under the partial
availability of systems at the Ascd NPP [8]. The
maximum allowable time until the procedure must be
initiated and a number of considerations for heat sink
recovery in a TLOFW accident were also addressed.
Sherry et al. identified the most important parameters
likely to influence whether core damage would occur
during a TLOFW accident [10].

Although considerable research has been devoted to
the F&B operation, operators continue to have
difficulties in deciding on the initiation of an F&B
operation. They may hesitate if a clear cue is not
provided because its initiation implies a release of
radioactive coolant into the containment structure. The
OPR1000 has an optimized recovery procedure (ORP)
for diagnosing a TLOFW accident and a functional
recovery procedure (FRP) for an F&B operation.
Although these procedures are designed to guide the
operator’s mitigation actions during a TLOFW accident,
there is a high probability of the operator incorrectly
initiating an F&B operation because the time available
for a diagnosis of the F&B operation is very limited [3].
In the case of a combined accident that includes a
failure of the secondary cooling system, it is difficult for
operators to recognize the necessity of an F&B
operation because numerous process parameters and
alarms must be checked before a decision can be made,
and operators may spend a considerable amount of time
arriving at the entry for a proper FRP that contains the
procedure for an F&B operation.

3. Considerations for operation strategy to initiating
of F&B operation
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When operators decide whether the F&B operation
initiate or not, the operators should check the several
process parameters and components status. As
mentioned previous paper, the plant conditions that
require an F&B operation are categorized as transients
caused by a loss of feedwater (Type 1 accidents) and
LOCA (loss of coolant accident) with transients caused
by a loss of feedwater (Type 2 accidents) [2].

From operator perspective, Type 1 accident can be
considered as failure of secondary side with several
malfunctions of safety systems, but, Type 2 accident is
different from Type 1 accident. It is not necessary to
initiate an F&B operation in the case of a medium or
large break because these cases correspond to low RCS
pressure sequences when the secondary side is failed. If
the break size is too small to sufficiently decrease the
RCS pressure, the F&B operation is necessary.
Moreover, even if the size is not small, the F&B
operation may need to cool down the core when the
time gap between TLOFW and break increases much.
When a LOCA and a failure of the secondary cooling
system occur simultaneously, numerous alarms become
active and the operator may become more confused [2].

As mentioned in previous paper, the operator should
check the States. Steam generator level, core level, RCS
pressure, and RCS temperature are most important
factors to identify the necessity of F&B operation. The
amount of safety injection is a key parameter in
determining the necessity of an F&B operation in the
case of Type 2 accidents [2]. Therefore, the detective
parameters, which can make the criteria of States to
check, should be checked by operators after operators
recognize the failure of secondary side. Especially, in
the case of Type 2 accidents, the availability of high
pressure safety injection (HPSI) pumps can be checked
before the F&B operation is initiated.

The peak cladding temperature (PCT) is the primary
parameter to determine the transition point. Yun. J, et
al.’s paper mentions that the transition to the SAMG is
required at the temperature over which the breakaway
oxidation phenomena start to occur at the fuel. The PCT
of oxidation breakaway was assumed to be 982 C based
on their paper’s references [11]. Karanki et al.’s paper
insists that core damage is assumed for sequences with a
PCT above 1477K (2200°F). Sequences with the PCT
approaching or briefly exceeding 1477 K are also
conservatively assumed to lead to core damage since
some fraction of these may exceed 1477 K after
accounting for uncertainties [12]. Core exit temperature
(CET) is the alternative parameter to check the PCT
indirectly. Although the different types of NPPs have
different cladding materials and system designs, the
identical CET, i.e., 650C, is applied as the entry
condition to the severe accident management guideline
(SAMG) of all the NPPs (except CANDU plants [11].
The identical CET, i.e., 650C is limitation of initiating
the F&B operation by FRP in OPR1000 [4].
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Fig. 1. PCT and CET when the case of TLOFW accident
occeurs.
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Fig. 2. PCT and CET when 1.0 in. break occurs 5000 s after
TLOFW accident occurs.

The CET for limitation of F&B operation in FRP
should be re-evaluated for combined accident. In the
case of Type 2 accidents, the CET can be changed
different from CET of TLOFW accident. As shown in
the Fig. 1 and 2, the PCT trends are similar, but, the
CET trends are different. Figure 2 case is the 1.0 in.
break and break occurs 5000 s after TLOFW accident
occurs. Fig. 2 condition is two HPSI pumps available.
The CET of Fig. 2 is less than the CET of Fig. 1 at the
same PCT. The CET trend is affected by break flow,
pressurizer safety valves (PSV) flow, and safety
injection (SI) flow since the core level and pressure are
related to change of the CET. During the opening of
PSVs, the pressure does not change a lot, but, the core
inventory is affected by PSVs flow. In the case of Type
2 accidents, the break flow and Sl flow are dominant
factors of the core inventory. If the core inventory is
insufficient to transfer heat from the cladding to water,
the temperature increases less. With several sensitivity
studies, we can estimate the relationship between CET
and PCT under various plant conditions. If the
correlation between CET and PCT under various plant
conditions can be identified, the limitation of initiating
the F&B operation can be established.

4. Conclusions

Previous studies have usually focused on accidents
involving a TLOFW accident. The plant conditions to
make the operators confused seriously are usually the
combined accident because the ORP only focuses on a
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single accident and FRP is less familiar with operators.
The F&B operation is last resort to prevent core damage
when the secondary side is failed. The plant is not
always necessary the F&B operation when the
secondary side is failed. If the break size is large enough
to inject sufficient coolant by safety injection system,
the F&B operation is not necessary. To investigate the
necessity of F&B operation from the viewpoint of
operators, the advanced operation strategy is necessary.

Steam generator level, core level, RCS pressure, and
RCS temperature are most important factors to identify
the necessity of F&B operation and degree of plant
urgency. The amount of safety injection is a key
parameter in determining the necessity of an F&B
operation and degree of plant urgency in the case of
Type 2 accidents. The observable parameters should be
checked by operators after operators recognize the
failure of secondary side. Especially, in the case of Type
2 accidents, the availability of HPSI pumps can be
checked before the F&B operation is initiated. Based on
the SI flow, the operator can expect the possibility of
F&B operation, and the initiating time of F&B
operation to prevent core damage can be estimated if the
availability of safety depressurization system (SDS)
valves is monitored. Therefore, the operation strategy
should be reflected the States with important factors.

The relationship between CET and PCT under
various plant conditions is important to decide the
limitation of initiating the F&B operation to prevent
core damage. The CET trend is affected by break flow,
PSVs flow, and Sl flow because the core level and
pressure are related to change of the CET. If the
correlation between CET and PCT under various plant
conditions can be identified with several sensitivity
studies, the limitation of initiating the F&B operation
can be established.
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